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The aim of this study is to generate initial candidate models for bundles of transmembrane helices. Such models may then be further refined by eg. molecular dynamics simulations. Each helix is treated as a rigid body represented by a direction vector and the coordinates of its centre of mass. Constituent residues are mapped onto the helix axis in order to maintain the amino acid sequence dependent properties of helix. Helix packing is optimised according to a simple semi-empirical potential composed of three components: a helix-bilayer interaction potential, a helix crossing angle potential and a helix-helix distance potential. A Monte Carlo simulated annealing protocol is employed to optimise the helix bundle system, ie. to find low energy structures. A fortran program (TMH) has been developed to implement the method described.
The program is written to allow considerable flexibility in the specification of the simulation protocol, and to produce "trajectories". It also allows various analyses of structures and simulation environments, eg. geometry, energetics and cluster analyses on structures. Ala20 is considered as a simple model of a hydrophobic helix. The aim of this study is to test the method with antiparallel hydrophobic helices to see if they pack together within a compact bundle and to compare such bundles with those generated by restrained molecular dynamics simulations [ l ] . To analyse the bundles generated, three properties were investigated: 1) The orientation and the location of the bundle with respect to the lipid bilayer.
2) The compactness of the bundle.
3) The crossing angles of pairs of helices.
In particular, it has been investigated whether favoured low energy structures emerge as a result of the helix packing considerations which have been described. The system is simulated from random initial structures, and slowly cooled down to 300K. Parameters are set so that helix-helix distance has a target distance of S.Okl, and the crossing angles of 7' for parallel helix pairs and -173' for antiparallel helix pairs.
Preliminary testing has been done with idealised Alapo seven helix bundles. It appears that the rate of cooling during the simulated annealing procedure influences the final structure adopted. Dependent upon the cooling rate, both bacteriorhodopsin-like and 6-endotoxin-like structures may be generated. When the system is cooled slowly, 6-endotoxin-like structures (ie. a bundle of six helices surrounding a central helix) are generated more frequently than when the system is cooled rapidly. This is believed to be because a wider range of conformational space is sampled so that the lowest energy structure is more frequently accessible.
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-I + _ _ _ _~-:i g 7, The helix packing motifs generated by simulations of 7 helix bundles: A) bacteriorhodopsin-like and 6) 6-endotoxin-like structures. Simulations have been run with bundles containing from N=4 to N=7 helices. In Table 1 Our results suggest that transmembrane helix bundles resembling these observed experimentally may be predicted by simulations using simple potentials.
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